ABSTRACT Background: Obesity is a major health problem. It is associated with cardiovascular disease. The diagnosis of obesity is crucial to treating and preventing obesity-related medical problems. Objective: The objective was to determine optimal percentage body fat cutoffs in Korean adults for predicting obesity-related cardiovascular disease risk factors. Design: We evaluated the body composition and prevalence of obesity-related cardiovascular risk factors, such as hypertension, diabetes mellitus, and dyslipidemia, in 41,088 Korean adults aged 18-92 y. The optimal percentage body fat cutoffs for Korean adults were determined. Multivariable-adjusted odds ratios (ORs) of overweight and obesity were estimated by logistic regression. Results: The first cutoffs in men and women were 17% and 32% body fat, respectively; the second cutoffs were 21% and 37% body fat, respectively. The percentages of obese men and women were 41.8% and 15.9%, respectively. The adjusted OR of at least one risk factor for overweight or obesity in men was 2.22 (95% CI: 2.07, 2.38) or 4.05 (95% CI: 3.78, 4.33). The adjusted OR for women was 1.95 (95% CI: 1.79, 2.07; P , 0.0001) or 3.21 (95% CI: 2.87, 3.57). Conclusions: Only one-fourth of Korean men had a normal body composition, whereas most of the Korean women had a normal body composition. We conclude that susceptibility to cardiovascular disease and its risk factors is higher in Korean men than in Korean women. The cutoffs are useful for providing adequate guidelines for treating and preventing cardiovascular disease. This was the first study to determine cutoffs of percentage body fat for Korean adults.
INTRODUCTION
Obesity causes or exacerbates many health problems, including cardiovascular disease (CVD), type 2 diabetes, and several cancers. It has become one of the major public health problems worldwide (1, 2) . To identify individuals who are obese and to evaluate the progress of fat-control interventions, it is necessary to have objective criteria of screening and evaluation for obesity, namely classifying gradations of fatness (3) (4) (5) .
Many methods are used to calculate body fat and predict obesity-related risk factors. Body mass index (BMI) and waist circumference (WC) have been routinely used in most epidemiologic studies because of their simplicity and ease (1) (2) (3) (4) (5) . However, these measures have not shown a strong correlation with percentage body fat and have an ethnicity-related problem. It has been shown that the BMI established by the World Health Organization for classifying obesity in whites is not applicable to Asian populations (6, 7) . Although WC is accepted as the easily obtainable indicator of central adiposity, only a few studies have provided Asian-specific cutoffs (8) .
High body fat, irrespective of weight, is associated with a high prevalence of CVD and its risk factors (5) . Although assessments of body fat are available currently, the optimal percentage body fat cutoffs that reflect obesity-related CVD are obscure. Several studies have explored cutoff values of BMI or WC for Asian children (9) (10) (11) (12) (13) or percentage body fat cutoffs for Korean children (14) . However, the percentage body fat cutoff for Asians, especially for Korean adults, has not been specified yet.
Obesity is a major causative factor for obesity-related disorders such as diabetes, hypertension, and metabolic syndrome. The metabolic syndrome refers to the clustering of CVD risk factors that include diabetes mellitus, obesity, dyslipidemia, and hypertension (16) . However, because of unclear pathophysiology and various definitions, metabolic syndrome is still a source of medical controversy (17) ; therefore, we excluded it from the CVD risk factors in this study. The current study was performed to determine the optimal percentage body fat cutoffs to predict an increase in obesity-related CVD risk factors in Korean adults.
SUBJECTS AND METHODS

Validation study
This study was conducted from 2002 to 2003. One hundred seventy-four healthy adults were recruited through advertisements in the local media. None of the subjects had any known major systemic diseases that would change their body composition abruptly. Each subject provided written informed consent in accordance with the guidelines established by the Institutional Review Board of Eulji University School of Medicine.
All measurements were conducted on the same day after at least a 4-h fast and voiding. Body composition, including fat mass (FM), soft lean body mass, and body mineral content, were measured by dual-energy X-ray absorptiometry (DXA) (DPX-L with software version 1.3z; Lunar Radiation, Madison, WI) as the reference method. Calibrations were made daily before the DXA scans. An anthropomorphic spine phantom made up of calcium hydroxyapatite embedded in a 17.5 · 15 · 17.5 cm block was scanned for quality control every morning before the subjects were examined. The measured phantom bone mineral density was stable throughout the study period at 1.166-1.196 g/cm 2 (CV: 0.77%). Bottles of ethanol and water were scanned bimonthly for the quality control of fat and soft lean body tissue. The range in measured R values over the study period was 1.255-1.258 (CV: 0.13%) and 1.367-1.371 (CV: 0.11%) for fat and soft lean body mass. A single expert analyzed all DXA scans.
FM and fat-free mass (FFM) were estimated by using bioelectrical impedance analysis (BIA) (InBody 3.0; Biospace Co, Seoul, Korea). Precision, reported as the CV, of the BIA measures of interest was 1.54% for FM, 0.74% for FFM, and 0.84% for percentage body fat. Each of 2 electrodes was placed on both palms and both soles, respectively. Before electrode placement, the skin was cleaned with 70% ethanol. The subjects stood on the footplate with bare feet and held both hand electrodes. The between-day precision of this instrument was ,5 (2.7%); the within-day precision was always ,3 (2.0%).
Epidemiologic study
The data were collected from the health screen center of Asan Medical Center in Seoul, South Korea, from year 2002 to year 2003. The Institutional Review Boards of Eulji University School of Medicine approved this study. In total, 54,573 subjects participated in the study and gave written informed consent. We excluded persons who had any previous systemic disease or were taking drugs that could change body composition abruptly. Systemic diseases included congestive heart failure, impaired renal function, hyper-or hypothyroidism, abnormal liver function, and malignancies. Data for 41,088 subjects (25,537 men and 15,551 women, 18-92-y-old) were available for final analysis. All clinical profiles and measurements were conducted on the same day after the subjects fasted overnight.
Percentage body fat was first taken from BIA (InBody 3.0), which was the same model we had used in the validation study. The data were then transformed into more reliable percentage body fat, ie, DXA-equivalent percentage body fat, by using the validation study-based regression equations.
Blood pressure was measured in the right upper arm by a standard mercury sphygmomanometer with an appropriately sized cuff. Hypertension was defined as a systolic blood pressure 140 mm Hg, a diastolic blood pressure 90 mm Hg, or treatment of hypertension (18) . A 12-h fasting blood sample was collected from each subject and prepared for diagnosis of dyslipidemia and diabetes mellitus. Total cholesterol (TC) and triglyceride concentrations were measured by using enzymatic methods. HDL cholesterol was measured after precipitation of apolipoprotein B-containing lipoproteins with sodium phosphotungstate and magnesium chloride. LDL-cholesterol concentrations were calculated by using the Friedewald formula. Fasting serum glucose (FSG) was measured by using the glucose oxidase method. Glycated hemoglobin (Hb A 1C ) was measured by liquid chromatography. Dyslipidemia was defined as TC 240 mg/dL and/or HDL cholesterol ,40 mg/dL and/or triglyceride 150 mg/dL or treatment of dyslipidemia (19, 20) . Diabetes mellitus was defined as FSG 126 mg/dL and Hb A 1C 6.5% or treatment of the disease (20, 21 ). An individual was considered a patient when they had 1 of 3 CVD risk factors, such as hypertension, dyslipidemia, and diabetes mellitus.
Statistical analyses
Data are summarized as means 6 SDs or percentages according to variable characteristics. The statistical significance of differences in subject characteristics was analyzed by using the independent t test. The correlation between BIA-and DXA-based percentage body fat was estimated by using Pearson's correlations. Simple linear regression analysis was performed to obtain regression equations for converting percentage body fat (derived from BIA) to DXA-equivalent percentage body fat. A minimum P value approach (22) was conducted for cutoff points of percentage body fat, which optimally differentiated normal from risk groups. The 2 · 2 contingency tables with the CVD outcome and dichotomized percentage body fat were created. The chi-square test statistics were calculated, varying the dichotomizing point of percentage body fat in the interval of 1% body fat. The point of percentage body fat that had the maximum chi-square statistic was selected as the cutoff that best differentiated between outcome risk groups. Multivariate binary logistic regression analysis was used for odds ratios (ORs) in overweight and obese subjects. Covariates for ORs included age, smoking history (nonsmoker; ex-smoker; 9, 10-19, 20 cigarettes/d), alcohol drinking (never, occasionally, often), physical activity (regular exercise, none-exercise), economic levels of household income ($1000, $1000-1999, $2000-2999, $3000-3999, or $4000/mo), and education levels (9 y, 9-12 y, 12-15 y, bachelor, graduate school, or more). SAS version 6.12 (SAS Institute, Cary, NC) was used for the statistical analysis. P values ,0.05 were considered to be statistically significant.
RESULTS
Validation study
We performed the validation study using DXA as the reference method to get more reliable percentage body fat values. The characteristics of the study population are shown in Table 1 . The correlation coefficients between the BIA and DXA data for men and women were 0.956 and 0.960 for percentage body fat and 0.982 and 0.956 for FFM, respectively (all P , 0.001). The total errors of estimation of percentage body fat in men and women, respectively, were 2.1% and 2.3% (rated as excellent, 2.5% body fat) and those of FFM in men and women were 1.6 and 1.2 kg (rated as ideal, ,2.5 kg for men and ,1.5 kg for women) by using Lohman's criteria (23) .
The regression equations for converting BIA-derived percentage body fat values to DXA-equivalent percentage body fat values are as follows: DXA-equivalent percentage body fat for men = (1.03 · BIA % body fat) -1.83 (R 2 = 0.914 and SEE = 2.24% body fat; P , 0.001) and for women = (1.11 · BIA % body fat) -1.34 (R 2 = 0.921 and SEE = 2.26% body fat; P , 0.001).
Epidemiologic study
We estimated %BF from BIA data and then transformed the data using equations obtained from the validation study. The anthropometric indexes, body composition, and prevalence of CVD risk factors of the subjects are presented in Table 1 . Most obesityrelated variables and CVD risk factors were higher in men than in women, except for percentage body fat, FM, and HDL cholesterol. The prevalences with at least one risk factor for Korean men and women were 62.8% and 39.7%, respectively (Table 1) .
Strong and graded associations of monotonically increasing percentage body fat with prevalence of CVD risk factors were observed ( Figure 1) . The increasing prevalence of risk factors in men was started as low as 10% body fat points, whereas the prevalence in women was not increased at ,25% body fat. The prevalence of at least one risk factor in Korean men who had 15-20% body fat was 58.8%, and this value corresponded with that for Korean women, who had 35-40% body fat. The prevalence of at least one risk factor in Korean men who had 20-25% body fat was 72.6%, which was equivalent to that for Korean women, who had .40% body fat (Figure 1) .
The cutoffs of percentage body fat for overweight and obesity were analyzed by using the minimum P value approach. The maximum chi-square statistics for overweight were 1706.2 (P , 0.0001) at 17% body fat in men and 1407.5 (P , 0.0001) at 32% body fat in women (Figure 2A) . After the subjects who had a body fat percentage lower than the first cutoffs were eliminated (ie, 17% body fat for men and 32% body fat for women), the data were reanalyzed to get the second cutoffs. The maximum chi-square values for obese subjects were 371.6 (P , 0.0001) at 21% body fat in men and 186.3 (P , 0.001) at 37% body fat in women ( Figure 2B ). We defined overweight as the range between the first and the second cutoffs, and we defined obese as percentage body fat higher than the second cutoff. For men, 74.1% and 41.8% had a percentage body fat value greater than the first and second cutoffs, respectively; for women, 46.2% and 15.9% had a percentage body fat value greater than the first and second cutoffs, respectively ( Table 2) .
The risks of CVD associated with adiposity are shown in Table 3 . Compared with the low-risk group (men: ,17% body fat; women: ,32% body fat), the adjusted ORs of all disorders were gradually increased with adiposity in both men and women. In men, the adjusted ORs of at least one risk factor were 2.22 (95% CI: 2.07, 2.38; P , 0.001) in the overweight group (17-21% body fat) and 4.05 (95% CI: 3.78, 4.33; P , 0.001) in the obese group ( 21% body fat). In women, the adjusted ORs of at least one risk factor were 1.95 (95% CI: 1.79, 2.12; P , 0.001) in the overweight group (32-37% body fat) and 3.21 (95% CI: 2.87, 3.57; P , 0.001) in the obese group (37% body fat).
DISCUSSION
Although BMI is the most commonly used measure in obesityassociated epidemiologic studies because of its simplicity, it is also well recognized that BMI has many limitations. First, BMI cannot reflect body composition, and it requires different standards for different ethnicities (9, 24, 25) . More cross-ethnic population studies on body composition are needed because the relation between percentage body fat and BMI depends on ethnicity and on age and sex (26) . Second, many studies have controversially reported the association between BMI and mortality, especially in the Asian population. Whereas the relation in whites in Europe and the United States have usually been U-shaped (27) (28) (29) (30) (31) , the relation in Asians has been U-or J-shaped (32, 33) . Another major problem with BMI is that the typical SE of estimation of percentage body fat from BMI exceeds 5% (34, 35) . This means that if an individual is estimated to have 25% body fat by BMI, the actual value is between 20% and 30% body fat. In addition, BMI is less useful in individual body-composition assessments, and it may result in an individual being classified as obese when he or she is actually not. Therefore, percentage body fat has been recommended for use in epidemiologic research on adiposity rather than BMI and other anthropometric measures (34, 35) .
WC has been recognized as a useful tool for assessing central obesity. The International Diabetes Federation has defined central obesity for different ethnic populations based on WC measurements obtained from epidemiologic data from various ethnic populations (34) . However, the values for Asians had some limitations in this study. The cutoffs for Japanese and Chinese were determined by using data from only one Japanese study (12) and one Singaporean study (10) . There were only 1193 (775 men and 418 women aged 20-84 y) subjects in the Japanese study, and the data were collected from an obesity clinic. In the Singaporean study, 36% of the subjects sampled were not Chinese. In addition, the results of these 2 studies were opposite. The cutoffs for the Japanese men and women were 85 and 90 cm, whereas those for the Chinese men and women were 90 and 80 cm. Therefore, well-designed WC studies are absolutely necessary to resolve this problem.
With technologic advancements, BIA has been widely used in epidemiologic studies for adiposity. BIA has many advantages over BMI in determining fatness, because BIA is reproducible, portable, and easily performed and is much more reliable than BMI (34, 36, 37) . We performed a cross-validation study using DXA as a reference method, because BIA data must be crosscalibrated in a representative population sample. After confirming the accuracy and applicability of the BIA data to DXA-derived percentage body fat, we obtained the prevalence and determined the first (17% compared with 32%) and second (21% compared with 37%) percentage body fat cutoffs for Korean men and women by using the minimum P value approach.
Only 25.9% of Korean men had normal body composition (,17% body fat), whereas about half of Korean women (53.8%) had a value lower than the first cutoff for percentage body fat (,32%). These results indicate that men have much lower percentage body fat cutoffs and a higher prevalence of obesity than do women.
We also identified increasing CVD risks according to percentage body fat increments. These findings suggest that the prevalence of each risk factor increases as the amount of fatness increases, which is consistent with the findings of others (35, 39) . Although the prevalence of CVD risk factors in Korean women increased from .25% body fat, the prevalence in men increased from 10% body fat. The prevalence of at least one risk factor in Korean men with 20% body fat was similar to that in Korean women with 40% body fat. These results suggest that even a low degree of percentage body fat could influence Korean men rather than women and that men would be much more vulnerable to CVD and its risk factors.
The high prevalence of overweight and obesity was consistent with significantly high risks (ORs) for CVD risk factors: 2.22 and 1.95 times the risks in overweight groups and 4.05 and 3.21 times the risks in obese groups compared with the normal percentage body fat for Korean men and women. These high risks may result in adverse health outcomes and impaired quality of life in the Korean population. Certainly, these problems would induce an increased incidence of circulatory diseases, which is the secondhighest cause of death in both men and women in Korea (39) . The important issue that Korean men have a higher rate of circulatory death and prevalence of CVD and its risk factors has been addressed (39) . In 2005, the Korean Statistical Information Service reported that the mortality rates of CVD, including stroke, ischemic heart disease, and other heart diseases, were 47.4% and 17.0% for men and women aged 20-60 y, respectively (39) . The Korea National Health and Nutrition Survey observed that the prevalence of CVD risk factors was higher in men than in women aged 20-60 y: 22.7% compared with 13.4% for hypertension, 51.2% compared with 27.9% for low HDL cholesterol, 28.4% compared with 16.2% for hypertriglyceridemia, and 16.6% compared with 8.1% for diabetes (39) . Again, in agreement with our findings from the current study, these findings support that Korean men are more susceptible to CVD and its risk factors than are Korean women.
The current study had some limitations. The lack of WC data was a limitation, because it is important in the study of the metabolic syndrome and central obesity, even though the metabolic syndrome is still controversial due to unclear pathophysiology. Furthermore, the relation of percentage body fat to risks of CVD was determined by using a cross-sectional approach, which meant that causality was not examined. Future studies using a prospective design should be conducted to evaluate the validity of these percentage body fat cutoffs.
In many Asian countries, the prevalence of obesity has increased many times over the past few decades, and these countries have also experienced obesity-related disorders such as diabetes, hypertension, and CVD. It is important to determine the meaningful cutoff points of adiposity, which can result in adequate guidelines for the treatment and prevention of these disorders. To our knowledge, this was the first study that attempted to determine cutoffs of percentage body fat in Korean adults. We confirmed a significant increase in obesity-related CVD risk factors in this population after these cutoffs were determined.
